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∆Tf = ∆Ti + g∆Ti + g2∆Ti + g3∆Ti + g4∆Ti + …
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g = gi-a + gwv + glr + gcloud + gcc
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Fig. 2 of Soden et al., 2008

Change in globally avg. OLR in response to ∆q(lat,p)

Soden et al., 2008
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Fig. 2 of Soden et al., 2008

Water vapor feedback is primarily a “tropical” phenomenon

Change in globally avg. OLR in response to ∆q(lat,p)

Soden et al., 2008



1990-1995 statements quoted in Held, I.M., and B.J. Soden, Water vapor feedback and global warming, 
Ann. Rev. Energy Environ., 25, 441-475, 2000.

1990:

1992:

1995:

2001:

2007:

“The best understood feedback mechanism is water vapor 
feedback, and this is intuitively easy to understand.”



Lindzen, BAMS, 1990
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Lindzen, BAMS, 1990
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Large-scale control:
Sherwood, Pierrehumbert, 
Salathe, Dessler, Folkins

Water vapor in the UT is set by 
the detrainment temperature 
in the UT



Dessler and Minschwaner, 2007 15



Lindzen, BAMS, 1990



Lindzen, BAMS, 1990

Colder detrainment T

“cloud tops are raised 
leading to dryer detrained 
air”



1990-1995 statements quoted in Held, I.M., and B.J. Soden, Water vapor feedback and global warming, 
Ann. Rev. Energy Environ., 25, 441-475, 2000.

1990:

1992:

1995:

2001:

2007:

“The best understood feedback mechanism is water vapor 
feedback, and this is intuitively easy to understand.”

“There is no compelling evidence that water vapor feedback is 
anything other than positive — although there may be difficulties 
with upper tropospheric water vapor.”

“Feedback from the redistribution of water vapor remains a 
substantial source of uncertainty in climate models ... Much 
of the current debate has been addressing feedback from 
the tropical upper troposphere ...”



Lindzen, BAMS, 1990

Colder detrainment T

“cloud tops are raised 
leading to dryer detrained 
air”



Lindzen, BAMS, 1990

Colder detrainment TX

“cloud tops are raised 
leading to dryer detrained 
air”



Minschwaner and Dessler, J. Clim., 2004

Continuity equation for qDownward mass flux



Minschwaner and Dessler, J. Clim., 2004



• As the climate warms ...
– Detrainment goes up in altitude
– Temperature of detrainment also goes up

• Water vapor goes up
• These two parameters cannot be 

independently varied
• Hartmann and Larsen also found this



Observational tests of the 
water vapor feedback

24

Volcano

ENSO+interannual

seasonal cycle

decade-scale warming



Observational tests of the 
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El Nino minus La Nina
% change in specific humidity
AIRS data: D06JF07-D07JF08

Dessler et al. 2008



Verify that the water vapor 
feedback is strong and positive
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Volcano Soden et al., 2002; Forster and Collins, 
2004

ENSO+interannual
Soden, 1997; Minschwaner and Dessler, 
2004; Gettelman and Fu, 2008; Dessler et 
al., 2008

seasonal cycle Inamdar and Ramanathan, 1998; 
Wu et al., 2008

decade-scale warming Soden et al., 2005; Hall and Manabe, 
1999



Subtle complexity
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Volcano Forster and Collins: 1.6 W/m2/K

ENSO
Wong and Dessler: AMIP: 2.6 W/m2/K, 
MERRA: 3.3 W/m2/K, ERA40: 5.0 W/
m2/K

decade-scale warming Soden and Held (models): 1.8 W/m2/K



WARNING

• average “constant RH” is nearly true for 
both ENSO and for long-term warming
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WARNING

• average “constant RH” is nearly true for 
both ENSO and for long-term warming

• but the details of the changes are different
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WARNING
• average “constant RH” is nearly true for 

both ENSO and for long-term warming
• but the details of the changes are different
• this leads to quite different feedbacks

• different strategy to verify feedbacks?
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1990-1995 statements quoted in Held, I.M., and B.J. Soden, Water vapor feedback and global warming, 
Ann. Rev. Energy Environ., 25, 441-475, 2000.

1990:

1992:

1995:

2001:

2007:

“The best understood feedback mechanism is water vapor 
feedback, and this is intuitively easy to understand.”

“There is no compelling evidence that water vapor feedback is 
anything other than positive — although there may be difficulties 
with upper tropospheric water vapor.”

“Feedback from the redistribution of water vapor remains a 
substantial source of uncertainty in climate models ... Much 
of the current debate has been addressing feedback from 
the tropical upper troposphere ...”

“... the balance of evidence favours a positive clear-sky water 
vapour feedback of a magnitude comparable to that found in 
simulations.”

“New observational and modelling evidence strongly 
supports a combined water vapour-lapse rate feedback 
of a strength comparable to that found in [GCMs].”
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Lapse-rate feedback



Z

T

If the UT warms too much:
1) too much water, leads to 
too much trapping of IR
2) too much IR emission 
to space
These (at least partially) 
cancel
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Soden and Held, 2006 
(corrected figure)



Corrected version of Fig. 1 of Soden and Held, 2006
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2K

4K

Cloud: 0.14-1.18



40From Baker and Roe, CERES STM presentation



41From Baker and Roe, CERES STM presentation

f=fi-a+fwv+flr+fclouds



Corrected version of Fig. 1 of Soden and Held, 2006
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2K

4K

Cloud: 0.14-1.18
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DUFRESNE AND BONY, J.Clim. 2008





Cloud radiative forcing



Cloud radiative forcing

CRF = all-sky fluxes - clear-sky fluxes



Cloud radiative forcing

CRF = -25 W/m2

cool climate by 25 W/m2



clouds cool more



clouds cool less



the “cloud feedback” is the 
change in CRF as the

climate varies







Measuring CRFDay one Day two



Measuring CRFDay one Day two

Longwave CRF 
can also be 

measured by 
AIRS (Susskind + 

Molnar data)



How to measure cloud feedback

• Select your climate variation
• Measure variation in cloud radiative forcing

– e.g., CRF(El Nino)-CRF(La Nina) 
– (CRFLW+CRFSW)1-(CRFLW+CRFSW)2 ≈ 1 W/m2

– other terms ≈ ±100 W/m2

• Regress vs. surface T variations



Spencer et al., 2008

20°N-20°S



How to measure cloud feedback

• Select your climate variation
• Measure variation in cloud radiative forcing 

over the climate variation
• Regress vs. Ts
• Adjust for changes in q, T (Soden et al., 2004)



Soden et al., 2008



How to measure cloud feedback

• Select your climate variation
• Measure variation in cloud radiative forcing 

over the climate variation
• Regress vs. Ts
• Adjust for changes in q, T (Soden et al., 2004)
• For a global average, this is quite hard



Summarize 
cloud feedback

• Main source of uncertainty in climate predictions
• If the mainstream view of climate change is wrong, 

this is where it will go wrong
• Lots of analysis of models, but little analysis of 

observations
• Observational analysis of cloud feedback in response 

to short-term climate fluctuations



Summarize 
water vapor feedback

• Overall, this feedback is strongly positive for all 
climate variations

• As the climate warms, tropical UT detrainment 
temperature increases

• No credible theory for negative feedback
• WV+LR feedback is better constrained
• to do: Better theoretical and (to the extent possible) 

observational work on how the feedback varies for 
different variations

• to do : More analysis on how UT humidity is regulated



Use pre-computed kernels from
Soden et al., 2008

Feedback
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